Background: Fever is a very common complication that has been related to poor outcomes after aneurysmal subarachnoid hemorrhage (aSAH). The incidence of acalculous cholecystitis is reportedly 0.5%-5% in critically ill patients, and cerebrovascular disease is a risk factor for acute cholecystitis (AC). However, abdominal evaluations are not typically performed for febrile patients who have recently undergone aSAH surgeries. In this study, we discuss our experiences with febrile aSAH patients who were eventually diagnosed with AC. Methods: We retrospectively reviewed 192 consecutive patients who underwent aSAH from January 2009 to December 2012. We evaluated their characteristics, vital signs, laboratory findings, radiologic images, and pathological data from hospitalization. We defined fever as a body temperature of >38.3°C, according to the Society of Critical Care Medicine guidelines. We categorized the causes of fever and compared them between patients with and without AC. Results: Of the 192 enrolled patients, two had a history of cholecystectomy, and eight (4.2%) were eventually diagnosed with AC. Among them, six patients had undergone laparoscopic cholecystectomy. In their pathological findings, two patients showed findings consistent with coexistent chronic cholecystitis, and two showed necrotic changes to the gall bladder. Patients with AC tended to have higher white blood cell counts, aspartame aminotransferase levels, and C-reactive protein levels than patients with fevers from other causes. Predictors of AC in the aSAH group were diabetes mellitus (odds ratio [OR], 8.758; P = 0.033) and the initial consecutive fasting time (OR, 1.325; P = 0.024). Conclusions: AC may cause fever in patients with aSAH. When patients with aSAH have a fever, diabetes mellitus and a long fasting time, AC should be suspected. A high degree of suspicion and a thorough abdominal examination of febrile aSAH patients allow for prompt diagnosis and treatment of this condition. Additionally, physicians should attempt to decrease the fasting time in aSAH patients.
Introduction
Complications after aneurysmal subarachnoid hemorrhage (aSAH) account for significant patient morbidity and mortality; fevers, in particular, have been associated with poor outcomes [1, 2] . In aSAH patients, fever increases cerebral edema and intracranial pressure, exacerbates ischemia, decreases the arterio-jugular oxygen content difference, and al- ters levels of consciousness [3, 4] . Infection can be identified as the cause of fever in approximately 75% of febrile aSAH patients [5] and is most frequently due to pneumonia, wound infection, sepsis, or urinary tract infection [3] ; fever may also be due to thrombophlebitis, atelectasis, or allergic reactions. Determining the source of the febrile illness allows prompt therapy and improves the patient's prognosis.
The incidence of acalculous cholecystitis has been reported to be 0.5%-5% [6] in critically ill patients, and cerebrovascular disease is a risk factor for acute cholecystitis (AC) [7, 8] . Glenn 
Materials and Methods
We retrospectively reviewed the medical records 
Results
Of the 192 aSAH patients admitted during the study period, including two with histories of cholecystectomies, eight (4.2%; mean age, 66.29 ± 11.59 years [range, 57 to 79 years]) were eventually diagnosed with AC. Two patients underwent PTGBD, and six underwent LC.
During the study period, the incidence of fever was 79.7% (n = 153) in the aSAH patients. Lung problems were the most common causes of fever (43.1%). The incidence of non-infectious fever was 22.2%. AC was the cause of fever in 5.2% of the 153 patients with fever (Table 1). In the analysis based on the cause of fever, WBC counts, AST levels, and CRP levels were significantly different between patients with and without AC ( Table 2) .
For febrile patients without AC, the mean first day of fever was hospital day 3.57 ± 3.62. The mean first day of fever for febrile patients with AC was hospital day 6.13 ± 2.17 (P = 0.049). The mean initial consecutive fasting times for patients with and without AC were hospital day 5.38 ± 2.78 and hospital day 3.3 ± 2.31, respectively (P = 0.014). The predictors of AC following aSAH were diabetes mellitus and the initial consecutive fasting time (Table 3) .
Pathologic findings for the six patients who underwent LC are shown in Table 4 
Discussion
Fever is a source of concern in aSAH patients, and it is associated with increased morbidity and mortality [1, 2] .
For eight patients in the present study, AC was ultimately determined to be the cause of fever. Previously, rare case reports have described the occurrence of AC in aSAH patients [11] , including in one aSAH patient among 15 acalculous cholecystitis patients [9] . Additionally, some studies have suggested that cerebrovascular disease might be a risk factor for the occurrence of AC [7, 8] . To the best of our knowledge, this is the first study to evaluate AC as a medical complication during the treatment of aSAH.
In the present study, four of the six AC patients (66.6%)
pathologically proven had acalculous cholecystitis, whereas acalculous cholecystitis generally accounts for only 2%-15% of cholecystitis cases [12] . All eight of our patients had favorable condition grades and were diagnosed with AC following an evaluation for fever, leukocytosis, and abdominal pain during hospitalization in the neurological intensive care unit. Calculous cholecystitis is the result of gallstones blocking the flow of bile in the biliary tree, which leads to gallbladder inflammation [13] .
The pathogenesis of acalculous cholecystitis is similar, but may be caused by bile stasis [14] . Bile stasis changes the chemical composition of bile and leads to gallbladder mucosal injury. Increases in bile lysophosphatidylcholine levels strongly influence functional water transport, and may cause gallbladder mucosa inflammation [15] . Other bile components, such as beta-glucuronidase, may also be involved in the pathogenesis of acute acalculous cholecystitis [16] . In our AC patients, the mean initial consecutive fasting period was 5.38 ± 2.78 days, suggesting that bile congestion occurred during the period leading to gallbladder distension and resulting in acute inflammation and cholecystitis [17] .
Another mechanism leading to acalculous cholecystitis is the intense injury of blood vessels in the gallbladder muscularis and serosa [9] due to massive activation of the sympathetic nervous system in aSAH patients. This, then, leads to catecholamine-mediated injury [18, 19] . At high concentrations, catecholamines directly damage the vascular endothelium, resulting in endothelial cell swelling, necrosis, and progressive de-endothelization [20, 21] .
Therefore, massive activation of the sympathetic nervous system, a feature of aSAH, could lead to acute acalculous cholecystitis.
Early enteral nutritional support for intensive care unit patients is known to improve their clinical outcomes [22] and is also known to improve the survival of aSAH patients [23] . Frequently, intracranial pressure-induced vomiting, persistent diarrhea, drug-related gastrointestinal mucosal inflammation, and ileus result in prolonged These courses, chosen in consultation with a general surgeon, are supported by studies suggesting that early cholecystectomy is associated with decreased morbidity and cost [25] . In addition, two of our patients demonstrated necrotic gallbladder changes, making cholecystectomy the most appropriate treatment.
Although infections have been identified in 75% of febrile aSAH patients [5] , our experience suggests infectious fever is the case of 71.3% of fevers in febrile aSAH patients. AC was the sixth leading cause of fever and the fourth leading cause of infectious fever in our study (Table 1) . Thus, an evaluation for possible AC is indicated in any aSAH patient with a persistent fever that does not have an identified source. WBC counts, AST levels, and CRP levels are helpful for identifying cases with suspected AC, according to our results (Table 2) .
Prompt diagnosis and treatment may significantly affect the patient's prognosis.
Our study is limited by its retrospective design and single-center results. Nonetheless, it suggests the importance of recognizing AC as a cause of fever in aSAH patients. Because fever is a major medical complication for these patients, prompt determination of the source of the fever may reduce patient morbidity and mortality, and improve prognosis.
In conclusion, our study demonstrated the importance of maintaining a high degree of suspicion for the pres- 
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